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Motivation

U(1)X gauge factor appears in many BSM theories
U(1)X charged Hidden sector :

Gauge Boson (Xµ) , Scalar (ΦH) , Fermion (ψ)

Hidden sector talks to SM via the Higgs (φSM) (and via Bµ)

ψ can be Dark Matter

Direct detection

LHC implications

Here focus on ψ
(for LHC h→ Xµ Xµ → `+`−`+`− see [SG,Jung,Wells: ’08])
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Framework

SM ×U(1)X
U(1)X sector : GaugeBoson(Xµ),Scalar(ΦH),Fermion(ψ)

SM ↔ U(1)X communication

L ⊃ −α |ΦSM |2|ΦH |2 + χ
2 XµνB

µν

V is such that
SU(2)L × U(1)Y breaking : 〈φSM〉 = v
U(1)X breaking : 〈φH〉 = ξ

Causes φH ↔ φSM mixing (masses: mh, mH)(
φSM

φH

)
=

(
ch sh
−sh ch

) (
h
H

)
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Adding Fermions

L ⊃ ψiγµDµψ + κφHψψ

Accidental Z2 symmetry : ψ → −ψ , SM → SM

So ψ cosmologically stable =⇒ Dark Matter

ψ Vector-like or Chiral. Dirac or Majorana

Bµ Xµ

φSM φH

ψSM

Here focus on Higgs Mixing route

Parameters :
Mψ, κ, sh,mh,mH (decouple H)
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Relic Density

Self-annihilation

ψ

SM

φH φSM

ψ
ψ

ψ

φH

φSM

φSM

φH

Ω0h
2 = 10−29xf

(
eV−2

〈σv〉

)
σvrel = a + b v2

rel + O(v4
rel)

〈σv〉 = a + b/xf xf ≡ Mψ/Tf ≈ 21
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Observations : Ω0 = 0.222± 0.02 [PDG ’08]
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Direct Detection

ψ

φSM

φH

ψ

NN

Effective hN̄N coupling ≈ 2× 10−3 [Shifman, Vainshtein, Zakharov (1973)]
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LUX/ZEP 20 tonne LXe Proj (48 tonne-year)
LUX/ZEP 3 tonne LXe Proj (3 tonne-year)
XENON1T (projected, 1 ton-year exposure)
DEAP CLEAN 1000kg FV (proj)
SuperCDMS (Projected) 25kg (7-ST@Snolab)
SuperCDMS (Projected) 2-ST@Soudan
DEAP CLEAN 25kg FV (proj)
CDMS Soudan 2007 projected
XENON10 2007 (Net 136 kg-d)
CDMS: 2004+2005 (reanalysis) +2008 Ge
CDMS 2008 Ge
CDMS (Soudan) 2004 + 2005 Ge (7 keV threshold)
CRESST 2007 60 kg-day CaWO4
ZEPLIN II (Jan 2007) result
WARP 2.3L, 96.5 kg-days 55 keV threshold
DAMA 2000 58k kg-days NaI Ann. Mod. 3sigma w/DAMA 1996
Edelweiss I final limit, 62 kg-days Ge 2000+2002+2003 limit
CDMS (Soudan) 2005 Si (7 keV threshold)
DATA listed top to bottom on plot
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ψ Relic Density + Direct Detection
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Mψ = 125GeV ,mh = 120GeV , κ11 = 1/3, sh = 0.25, κ3φ = 1/3,mH = 1TeV
Contours of Ωdm0 = 0.1, 0.2, 0.3 (dotted, thick-dash, solid)
Shaded σDir& 10−44 cm2 (med-gray) & 10−45 cm2 (light-gray)
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h BR

If mh > 2Mψ : h → ψψ Invisible Decay!
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SM (left) and U(1)X (right) ; h→ INV, bb, WW, ZZ, tt

Mψ ≈ 60GeV , sh = 0.25, κ11 = 0.8, κ3φ = 1.0,mH = 1TeV
NB: Relic density not enforced
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h → SM suppressed
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Scan for Width and BRINV (mh = 120)

Correct relic density; Direct detection constraint
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Γ (left) and BRinv (right) for sh = 0.25, 0.5, 0.707 (dotted, dashed, solid)

κ = 1/3,mH = 1TeV ;
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h → INV LHC Signature (qqh - WBF)

[O. J. P. Eboli and D. Zeppenfeld, 2000]

p
j
T
> 40 , |ηj | < 5.0 , |ηj1

− ηj2
| > 4.4 , ηj1

· ηj2
< 0 ,

/pT > 100 GeV , Mjj > 1200 GeV , φjj < 1 .

For sh = 0.25 , BRINV = 0.25 :

mh (GeV) σSBRinv (fb) σB (fb) L5 σ (fb−1)

120 22.7 167 8
200 18 167 12.8
300 13.2 167 23.7
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h → INV LHC signature (Zh)

[H. Davoudiasl, T. Han and H. E. Logan, 2004]

pT ` > 10 , |η`| < 2.5 , /pT > 100 GeV , |M
`+`− − mZ | < 10 GeV .

For sh = 0.25 , BRINV = 0.25 :

mh (GeV) σSBRinv (fb) σB (fb) L5 σ (fb−1)

120 2.1 26.3 146
200 0.8 26.3 1059
300 0.26 26.3 −
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Summary

U(1)X hidden sector naturally explains Dark Matter relic density

If mh > 2Mψ, LHC h → INV
h→SM suppressed
Vector Boson Fusion promising

Direct Detection in future experiments
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